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l. INTRODUCTION

Cleaning and surface activation procedures are summarized for interdigitated microsensor dectrodes
(IMEs), planar metal electrodes (PMES), independently addressable microband electrodes (AMES),

and co-planar eectrochemica “cdl-on-a-chip” devices. These dectrodes and sensor devices are al

quite smilar in that they are dl produced via date of the industry microeectronics fabricaion
procedures (microfabrication). These procedures may involve thin film conductor (meta or oxide, such
as indium-tin oxide, 1TO) depodtion, microlithographic patterning, chemica vapor depostion and

packaging. Where appropriate, these el ectrodes and devices possess line and space features that are on
the order of microns. The metalization on these devices typically comprise an adheson promotion layer
of 100 A titanium-tungsten dloy (Ti-W) that resides between the subsirate and the desired metd. The
desired metd layer is typically 1,000 A gold (Au), platinum (PY), palladium (Pd) or silver (Ag). These
metalic layers are generdly prepared by magnetron sputtering or by e-gun deposition. Severa different

metas may be exposed on a single chip, such as in the microeectrochemical “cell-on-a-chip” device.

Such adevice may possess ether platinum, gold or paladium and siver. The device may aso possessa
slicon nitride (SN 4) topcoat layer that passivates the busses but provides a window through which the
active area of the dectrodes are exposed or the functiond area of the device is accessed. This
gpplication note summarizes cleaning procedures for these various eectrodes and devices. It
emphasizes wet chemicad, UV-ozone, and plasma cleaning procedures where appropriate and takes
into account the ddlicate features on these devices. This gpplication note adso addresses activation of
these various device surfaces. While cleaning removes organic, inorganic and ionic species not native to
the surface, activation goes beyond cleaning as it seeks to introduce a uniform, atomic composition and
Sructure at the near surface. Hence activation may dSrive to produce a uniform concentration of
hydroxyls on an activated glass or a thin uniform oxide on gold or platinum. Activation may adso driveto
remove any ndtive oxide on Au or Pt and produce a uniform metdlic surface.
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CAUTION: The following procedures involve the use of highly caustic, acidic and noxious
chemicals. These procedures may produce vapors that may irritate mucus membranes and cause
burns to exposed skin. These procedures should only be performed while wearing appropriate
protective safety apparel, in a properly vented fume hood, and under the supervision of a
gualified chemist.

M. SURFACE CLEANING PROCEDURES
A. Standard Wash for Grease and Solvent Removal

This genera degreasing procedure is performed in sequence and without much delay between each
gep. This procedure is useful in removing finger grease, adventitious organic deposits and most generd
processing, machine, and/or cutting ails.

a) Immersein boiling trichloroethylene (TCE) for 1 min.

b) Immersein bailing acetone for 1 min.

¢) Ultrasonicate in isopropyl acohol (2-propanal) for 1 min.
d) Washin flowing DI water for 1 min.

€) Dry inafiltered nitrogen stream.

B. Removal of Residual Organic/lonic Contamination

This procedure removes trace organics, physicaly adsorbed monolayers of adventitious organics (e.g.
sdf assembled organic layers that are not “covaently bonded” to the surface, such as alkane thiols and
dlane layers) and some chemicdly adsorbed monolayers of organics that are NOT removable by
Procedure A.

a) Immeseina(5:1:1) solution of H,O : NH,OH : HO, that is maintained a 75 — 80 °C. Hold for
10s.

b) Immediatey quench the solution under running DI water for 1 min.

¢) Washin DI water for 5 min.

C. Hydrous Oxide Removal (for silicon substrates only)
This procedure chemicaly etches a thin layer of silicon oxide and exposes a fresh slicon oxide surface.

This procedure may also be used to activate slicon oxide surfaces, producing an abundance of free
hydroxyls, for further chemica derivatization via covaent coupling.

a) Immeseina(1:50) solution of HF : H,O for 10 sec.
b) Washin running DI water with agitation for 30 sec.

D. Heavy Metal Clean
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This procedure ams at remova of heavy metd ions that may exist as traces adsorbed to the metd or
metal oxide surface.

a) Immeseina(6:1:1) solution of H,O : HCl : HO, that is maintained a 75— 80 °C. Hold for 5 min.
b) Quench the solution under running DI water for 1 min.
c) Washin DI water for 5 min.

E. UV-OzoneClean

This procedure removes monomolecular layers of chemicdly bound organics on metdlic and oxide
surfaces. Chemisorbed and covdently bound sdf-assembled monolayers of adventitious organics,
dkane thidls, and slane layers may be removed using this procedure. This method removes organics
that are NOT removed by Procedures A and B above. This procedure is NOT suited to thick (micron
leve) organic films.

a) Clean asin Procedures A and B above. Then clean the device(s) for 10 — 25 minin the UV_Clean
UV/Ozone cleaner to remove adventitious adsorbed organics.

b) Wash the UV-cleaned IME device by ultrasonic washing for 1 min. in 2-propanal.

c) Dry thedevicein an ar-filtered convection oven at 80 °C for 30 min to 1 hour to remove traces of
surface bound water.

F. PlasmaClean

This procedure removes thick (micron leve) films of various organic materidsincluding photoresists. An
oxygen (O,) or argon (Ar) plasmais suitable for most organic films. Plasma cleaning has been shown by
AFM to cause some roughening of evaporated and sputter-deposited gold surfaces.

a) Pasmaetch for atime determined by the thickness of the film.

b) Wash the plasma-cleaned IME device by ultrasonic washing for 1 min. in 2-propanol.

c) Dry the device in an air-filtered convection oven a 80 °C for 1 hour to remove traces of surface
bound water.

G. Cathodic (Electrochemical) Cleaning

This procedure removes adsorbed organics, reduces certain oxides, and prepares the surface for
polymer film deposition.

a) Useathree dectrode arrangement in PBKCl (phosphate buffered potassum chloride, pH = 7.2) a
RT.

b) Make the device the working eectrode of the 3-E E Chem cdll.

c) Potentiodynamically cycle over the range 2.0 V t0 -1.0 V vs. SCE. Hydrogen evolution & the
cathode and oxygen generation at the anode accompanies cleaning.
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d) Cyderepeatedly until highly reproducible cydlic voltammograms (CVs) are obtained -- typicdly 5
—8min.
€) Removeand rinse profusaly in flowing DI water for 3 min.

1 SURFACE ACTIVATION PROCEDURES
A. Activation of Borosilicate Glass

A procedure for producing surface hydroxyls on typica laboratory glass ware (microscope dides,
borodilicate or soda lime glass plates, pyrex ware, glass beads, etc.) and dlicon oxide surfaces.
(CAUTION).

a) Clean the ectrode using an appropriate solvent cleaning procedure (above).

b) Immerse in 4:1 conc. H,SO, : HO, (30% agueous solution) (4:1) (Piranha etch) at 80 °C for
10s.

) Wash in flowing DI weter for 3 min.

B. Activation of Platinum

A procedure for producing surface oxide (believed to be a monolayer) with available surface hydroxyls
on platinum meta. Such oxide may be subsequently covadently coupled to reactive organosilanes.

a) Clean eectrode using an gppropriate solvent cleaning procedure (above).

b) Electrochemicaly oxidize in 1.0 M H,SO, at +2.5 V vs. SCE for five (5) min a& room
temperature.

) Wash in flowing DI weter for 3 min.
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